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Available online 17 August 2010AbstractThis study investigated palsa located at the southern margin of palsa extent upon the Kola Peninsula, Russia. Thirteen palsa bogs
were analyzed, two of which had intervals between surveys of either 67 years (1935e2002) or 82 years (1920e2002). The thickness
of the active layer of palsa during the warm season varied from 44 to 64 cm, consistent with existing data. The height and number of
bog mounds, as well as the thickness of the active layer, are unchanged over the past 80 years.
 2010 Elsevier B.V. and NIPR. All rights reserved.
Keywords: Palsa; Kola Peninsula; Southern margin1. Introduction
The Kola Peninsula, Russia, has no genuine perma-
frost, but as with other northern Fennoscandia regions
with an average annual air temperature of about e1 C
or lower, palsa bogs, which consist of ice cores within
small hillocks, are widespread, as shown on a map of
vegetation upon the Kola Peninsula in the “Atlas of
Murmansk Oblast” (Chernov, 1971). The features and
origin of palsa bogs have been studied in many parts of
the world, including Alaska, northern Canada, northern
and northeastern Siberia, and especially northern Fen-
noscandia, including the Kola Peninsula (Seppa¨la¨, 1972,
1982a, 1983, 1994, 1997; Sollid and Sorbel, 1998).
Palsas have attracted increasing attention in recent years
in connection with the global warming hypothesis (e.g.
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doi:10.1016/j.polar.2010.07.002and Seppa¨la¨, 2002, 2003) and a palsa research project
was recently initiated in Norway (Hofgaard, 2003).
Palsas of the Kola Peninsula have been well studied,
with the first known descriptions reported by Kihlman
(1890). Anufriev (1922) conducted a research expedi-
tion during the Russian Civil War, describing in detail
the palsa bogs in Transactions of the Soviet
Geographic Institute. In addition, the Permafrost
Committee of Russia was active in the 1930s (Lavrova,
1934; Rikhter, 1934; Sumgin, 1934; Vlastova and
Nikonov, 1940; Yegorov, 1938). According to data
published since 1890, bog hillocks on the Kola
Peninsula thaw to a depth of 30e35 cm by the end of
summer.
2. Aim
The aim of this study is to evaluate palsa stability on
the Kola Peninsula during the past 65e80 years. The
focus here is not palsa in general, which coversreserved.
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southern margin of its distribution. The palsa (bog
hillocks with permafrost) at the southern margin of its
distribution is susceptible to minor changes in
temperature. Thus, the stability or instability of palsa
provides evidence of temporal trends in temperature.
3. Materials and methods
Palsa at the southern margin of the Kola Peninsula
lies at about 67500N, south of the town of Mon-
chegorsk along the northern shore of Vite Gulf at
Imandra Lake (Rikhter, 1934; Sumgin, 1934; Yegorov,
1938), as shown schematically in Fig. 1. The study
area, which covers about 40 km in an eastewest
direction and 50 km northesouth, contains 13 bogs.
Fig. 1 also shows several local landmarks, including
Nyud Lake and Lumbol Lake.
Average annual air temperature, as calculated from
data in Reports of Monchegorsk Meteorological
Station (see MMS in Fig. 1 for the station location),Fig. 1. Schematic map of palsa layout in the study area. The area covers a
bogs (sites), and the bog numbers in the figure correspond to those in Tables
the rose diagram indicate wind strength for the corresponding directions.varies from 3.0 C to þ2.8 C, with an average value
of 0.4 C for the past 67 years (1936e2003) (Fig. 2).
The sum of mean monthly summer temperature
(MayeSeptember) for the period 1936e2003 ranged
from 1074 C to 1736 C, with an average of
1413 157 C (Fig. 3, upper). The sum of mean
monthly winter temperature (OctobereApril) for the
same period ranged from 899 C to 2345 C, with
an average of 1534 346 C (Fig. 3, lower).
Thirteen palsa bogs were investigated (numbered
1e13 in Fig. 1), two of which have been studied at
intervals greater than 50 years: the palsa near Nyud
Lake was re-assessed after 67 years (1935 and 2002),
and that near Yagel Bor halt was re-assessed after 82
years (1920 and 2002).
Fifteen palsa hillocks were randomly chosen for
analysis in each bog. The thickness of the active layer
at each hillock was estimated using a steel measuring
rod in the second half of September (i.e. before the
first frost). This sampling period was chosen due to the
peculiarity of the transpolar climate: the seasonsbout 40 km eastewest and 50 km northesouth. The area contains 13
1 and 2. MMS: Monchegorsk Meteorological Station. The numbers in
Fig. 2. Average annual atmospheric temperature at the Monchegorsk
Meteorological Station, at the northern margin of the palsa zone on
Kola Peninsula. Year numbers (1e67) correspond to the years from
1936 to 2003 (Anonymous, 1936e2006).
491V. Sh. Barcan / Polar Science 4 (2010) 489e495change quickly, meaning that the active layer of palsa
has no time to grow. The size of the area covered by
palsa was determined by ground measurements in
1920 or 1935 (previous studies) and again in 2002
(present study).Fig. 3. Dynamics of summer and winter temperatures at Monchegorsk Me
Peninsula (Anonymous, 1936e2006).4. Results
Table 1 provides descriptions of the studied bogs.
The numbering system for the bogs is the same as that
in Fig. 1. The altitude of the bogs ranges from 132 m
(No. 6) to 230 m (No. 10). The area occupied by each
bog did not change (from 1920 or 1935 until 2002) for
Nos. 1e7 and 11e13, while it decreased slightly for
Nos. 8e10.
The key statistical parameters related to the variance
rows for thickness of the active layer of palsa are as
follows:
 M Arithmetic mean of the variance row;
Pa2 Sum of squares of conditional deviations;
 mM Mean error of the arithmetic mean;
 t MSignificance test for the arithmeticmean,M/mM;
 x Deviation of each measurement from M;
 s2 Dispersion of each row;
 s Mean square deviation;
 y Coefficient of variation, %.teorological Station, at the northern margin of the palsa zone, Kola
Table 1
Description of the studied palsa bogs.
No. Bog location (latitude,
longitude site name)
Altitude
above sea
level, m
Area occupied
by palsa, ha
(observed year)
Thickness of the active
layer in palsa at
the end of warm season,
cm (observed year)
Extent of
vegetable
cover on the
bog (2002)
1 675603000N, 32510E,
Grass Lake
151 1 (1935) 1 (2002) 57 6 (2002) Plants are
dead
2 67550N, 32520E,
Nyud Lake
145 5 (1935) 5 (2002) 35e60 (1935) 64 6 (2002) Plants are
dead
3 67580N, 32520E,
Monche Lake, north end
133 4 (1935) 4 (2002) 48 4 (2002) Plants are
dead
4 67570 N, 32540E,
Lumbol Lake
133 10 (1920) 10 (2002) 55 6 (2002) Plants are
dead
5 675703000N, 324803000E
Monche Lake, north end
151 1 (1935) 1 (2002) 56 6 (2002) Plants are
dead
6 675803000N, 32540E,
Road M-18, 1267 km
132 4 (1935) 4 (2002) 50 3 (2002) Plants are
dead
7 67580N, 32530E, Road M-18,
exit at 25 km
134 1 (1935) 1 (2002) 52 4 (2002) Plants are
dead
8 675802500N, 331504000E,
Pustaya Gulf at Imandra Lake
147 12 (1920) 10 (2002) 44 6 (2002) 100%
9 68030N, 33230E,
Yagel Bor halt
137 10 (1920) 9 (2002) 55e93 (1920) 64 10 (2002) 100%
10 68150N, 33220 E,
Laplandia Railway Station
230 5 (1920) 4 (2002) 61 12 (2002) 100%
11 68110N, 32330E,
Keresyavrench Lake
187 3 (1920) 3 (2002) 38 5 (2002) 100%
12 68190N, 33200E, Pike Lake 170 3 (1920) 3 (2002) 61 13 (2002) 100%
13 67500N, 32550E, North of
Vite Gulf at Imandra Lake
147 4 (1920) 4 (2002) 63 9 (2002) 100%
Table 2
Statistical values for thickness measurements of the active layer at
each bog site.
Site no M
P
a2 s2 s mM tM¼M/mM y, %
1 2 3 4 5 6 7 8
1 57 551 39 6 1.5 38.0 10.5
2 64 562 40 6 1.5 42.7 9.4
3 48 182 13 4 1.1 43.6 8.3
4 55 462 33 6 1.5 36.7 10.9
5 56 581 42 6 1.5 37.3 10.7
6 50 145 10 3 0.8 62.5 6.0
7 52 257 18 4 1.1 47.3 7.7
8 44 555 40 6 1.5 29.3 13.6
9 64 1447 103 10 2.6 24.6 15.6
10 61 2118 151 12 3.1 19.7 18.8
11 38 419 30 5 1.3 29.2 13.2
12 61 2249 161 13 3.3 18.5 20.3
13 63 1259 90 9 2.3 27.4 14.3
Site numbers and names of bogs are as follows: 1 e Grass Lake;
2 e Nyud Lake; 3 e Monche Lake, north end; 4 e Lumbol Lake;
5 e Monche Lake, north end; 6 e Road M-18, 1267 km; 7 e Road
M-18, exit at 25 km; 8e Pustaya Gulf at Imandra Lake; 9eYagel Bor
halt; 10 e Laplandia Railway Station; 11 e Keresyavrench Lake;
12 e Pike Lake; 13 e North of Vite Gulf at Imandra Lake.
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the 13 palsa hillocks selected for analysis in each bog
(Table 2).
The mean square deviation of each parameter varies
from 3 to 6 in most cases (column 5 in Table 2),
although it is 10e13 in three cases (Nos. 9, 10, 12).
The confidence interval is 0.95 and the coefficient of
variation (column 8) ranges from 6% (No. 6) to 20%
(No. 12). The reliability of the parameters is indicated
by the mean error of the arithmetic mean (1e3%;
column 6).
Based on the results in Table 2, the bogs were
divided into two groups: those with live surface vege-
tation and those with dead surface vegetation (see
Table 3).
Vegetation on palsa surfaces at bogs 1e7 (all close
to Monchegorsk town) perished due to SO2 pollution
from smelter emissions. Table 3 compares the mean
thickness of the active layer for palsas with dead
vegetation (bogs 1e7) versus those with live vegetation
(bogs 8e13). Table 4 lists the statistical values of
variance rowsemean thickness of the active layer for
palsa with live (row 1) and dead (row 2) vegetation.
Table 3
Thickness of the active layer at palsa with dead and live surface vegetation. Mean values and standard deviations are provided, with the amplitude
and range of variations of the depth of permafrost given in parentheses, along with the number of samples.
Site Bogs with dead vegetation, cm Site Bogs with live vegetation, cm
1 57 6 (49 66, n¼ 15) 8 44 6 (35 53, n¼ 15)
2 64 6 (51 75, n¼ 15) 9 64 10 (45 75, n¼ 15)
3 48 4 (40 52, n¼ 15) 10 61 12 (50 84, n¼ 15)
4 55 6 (49 65, n¼ 15) 11 38 5 (30 46, n¼ 15)
5 56 6 (47 65, n¼ 15) 12 61 13 (49 84, n¼ 15)
6 50 3 (45 55, n¼ 15) 13 63 9 (45 72, n¼ 15)
7 52 4 (45 60, n¼ 15)
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Zuidhoff and Kolstrup (2000), the absorption and loss of
heat by palsa depend on vegetation cover, yet the
measurements in 2002 showed that the active layer in
mounds was 55 5 cm deep in bogs with dead vegeta-
tion and 55 11 cm deep in bogs with live vegetation
(Table 4). This finding appears to contradict existing
data regarding thickness of active layer (Anufriev, 1922;
Chernov, 1971; Lavrova, 1934; Rikhter, 1934; Sumgin,
1934; Vlastova and Nikonov, 1940; Yegorov, 1938);
however, the present results may be explained by the
peculiarities of the vegetation cover on the palsas of the
Kola Peninsula, as it is very thin and sparse. It is difficult
to imagine that such vegetation cover would signifi-
cantly alter the heat exchange in the bogs.
The thickness of the active layer in the bog near Nyud
Lake was 35e60 cm in 1935 and 64 6 cm in 2002; in
the bog nearYagel Bor halt, the thicknesswas 55e93 cm
in 1920 and 64 10 cm in 2002. The data indicate no
change in the past 80 years in terms of the area covered
by palsa, palsa altitude, number of bogmounds, or depth
of the active layer in mounds (Table 1).
5. Discussion
Permafrost in palsa on the Kola Peninsula is not
a relic of the last Great Ice Age (10e12 thousand years
ago), as Yegorov (1938) indicated that paleobotanist
G.A. Blagoveshchensky has dated the timing of palsa
formation back to approximately 3000 years ago based
on an analysis of pollen in peat near Nyud Lake at the
town of Monchegorsk. This proposal has subsequentlyTable 4
Statistical values of variance rowsemean thickness of the active layer
of palsa with live (row 1) and dead (row 2) vegetation.
M
P
a2 s2 s mM tM y, %
1 2 3 4 5 6 7 8
1 55 169 28 5 1.9 30 9
2 55 627 125 11 4.6 12 20been supported by Lavrova (1934), Bradley and Jones
(1993), and Grove (1988).
Several studies have described the process of preser-
vation and contemporary formation of palsa (Seppa¨la¨,
1982a,b, 1994, 1998; Tyrtikov, 1969). The palsa near
Nyud Lake can serve as an example in this regard, as
freezeethaw action in this area is controlled in part by
topography. The bog is open and exposed to thewinds that
blow into theNyudLakevalley through apassage between
Mt.Nyud andMt. Sopche (Yegorov, 1938; see also Fig. 1).
Strong, cold winds blowing along Nyud Lake in
wintertime are the main factor that controls the pres-
ervation and contemporary formation of palsa in this
area, as the winds blow snow off the peat mounds.
Similar meteorological conditions can be found in
other areas near the town of Monchegorsk and in
remote areas located 15, 22, and 36 km north of Nyud
Lake. All these bogs are located approximately along
the same NNEeSSW line. Previous studies have
reported the same process of preservation and
contemporary formation of palsa (Matthews et al.,
1997; Sollid and Sorbel, 1998; Zuidhoff, 2002;
Zuidhoff and Kolstrup, 2000).
Previous observations have revealed several stages of
palsa evolution (Seppa¨la¨, 1988, 1998). Palsa formation
begins when the snow cover is locally sufficiently thin to
enable winter frost to penetrate deep enough to prevent
thawing by summer heat. In such a case, the surface of the
bog increases in area (Figs. 4e7), although no incipient
palsas were discovered during the present study. Yegorov
(1938) and Seppa¨la¨ (1982b) conducted field experiments
on the formation of new palsa; they observed the forma-
tion of new small palsa in the present time.
During the winter following summertime palsa
formation, the frost penetrates deeper still. The forma-
tion process accelerates and the hump continues to grow
due to the freezing of pore water and ice segregation. As
the surface grows, the wind becomes increasingly
effective in drying the surface peat and keeping it clear of
snow.Degradation begins, leading to the collapse of peat
Fig. 7. Photograph of a mature palsa (bog no. 10, Laplandia Railway
Station; Autumn 2002).
Fig. 4. Photograph of a typical palsa (bog no. 3, Monche Lake, north
end; June 2001).
Fig. 5. Photograph of a mature palsa (bog no. 9, Yagel Bor halt;
September 2001).
Fig. 6. Photograph of a mature palsa (bog no. 4, Lumbol Lake;
autumn 2002).
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area, for example, by rain erosion (Fig. 8). Older palsas
are partially destroyed by thermal karst. It is clear that
the active layer thickness has changed during the past
70e80 years, influenced by fluctuations in air tempera-
ture. Some palsas have presumably deteriorated by
cracking, flattening out, etc., but in general the palsa
bogs have remained. Palsas are amazingly stable: some
have been crossed by heavy trucks or power poles, but
the permafrost has remained for dozens of years
following such disturbances.
The frozen core of each peat hillock is covered by
a thick peat layer, which is an efficient thermal insu-
lator, meaning that positive summer temperatures
affect only the thawing layer, which is 20e30 cm deep
by the end of summer. The core remains frozen forFig. 8. Photograph of an old palsa with hollows (bog no. 2, Nyud
Lake; Autumn 2001).
495V. Sh. Barcan / Polar Science 4 (2010) 489e495centuries, although positive average annual tempera-
tures at the southern margin of palsa distribution could
lead to their thawing.
6. Conclusion
The present results demonstrate that the palsa at the
southern margin of its distribution on the Kola Penin-
sula has not thawed out during the past 80 years.
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